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ing 


Equations  are  dervled  which  express 
rarefied  gas  around  bodies  under  conditicj: 
necessary  to  take  into  consideration  the 
from  the  surfaces  of  the  bodies  around  wl 
which  are  explained  in  this  report,  these 
position  of  any  kind  of  limitations  on  tt< 
there  is  described  a  method  of  determin: 
possessing  a  certain  finely  granular  strd 
reflection  law  is  discussed,  representing 
reflection;  a  simplified  nonstationary  ixi 
movements  which  are  superimposed  over  the 
and  finally  we  discuss  the  flow  around  b 
which  execute  small  harmonic  oscillation^ 
If  in  the  flow  of  a  rarefied  gas  se 
arranged  so,  that  their  reciprocal  influ^: 
surface  of  which  has  depressions,  it  is 
repeated  reflections  of  gas  particles  fr^i 
around  which  the  flow  is  directed.  This 
bination  of  bodies,  the  dimensions  of  wh! 
around  it  can  be  considered  as  free -mole? 
teristic  length, 


stationary  and  nonstationary  flows  of 
ns  of  free-molecular  flow,  where  it  is 
repeated  reboundings  of  gas  particles 
'Hich  the  flow  is  directed.  Due  to  reasons J 
equations  are  formulated  without  im- 
e  law  of  reflection.  In  the  appendices 
the  reflective  properties  of  a  surface, 
cture;  an  important  special  case  of  the 
a  combination  of  diffusions 1  and  mirror 
stance  is  examined  where  nonatationary 
stationary  ones,  appear  to  be  small; 
eddies  of  a  stream,  the  parameters  of 
around  their  mean  values, 
nferal  bodies  are  simultaneously  situated 
nee  is  noticeable,  or  even  one  body,  the 
Necessary  to  take  into  consideration  the 
m  various  parts  of  the  surface  of  bodies 
problem  is  discussed  here  for  a  com- 
ch  are  such,  that  the  flow  flowing 
ular.  This  requires  that  the  charac- 
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accepted  i»  the  problem*  should  be  email »r  them  the  smallest  of  the  lengths  of 
the  free  path  ia  the  gas  for  particles  of  the  oncoming  flow  aad  for  reflected  part¬ 
icles*  When  this  eoaditioa  is  aaiataiaed  Lt  caa  act  only  be  coast  dared  that  the  part¬ 
icles  of  the  oaeosdag  flow  hare  aa  uaper  Barbed  Telocity  distribution, but  also  that 
between  the  subsequent  refleotioas  from  tie  surface  the  particles  are  aot  scattered . 

▲t  such  a  simplified  arrangeasat,  it  »culd  appear  .that  it  is  possible  directly 
to  fiad  the  distributioa  functioa  for  the  gas.  We  disregard  the  reactioa  of  the  part¬ 
icles,  aad  the  distributioa  fuaetioa  shoull  satisfy  the  LouTille  equation  aad  depeudi 
consequently,  upon  time  and  the  iaTariaati  of  free  particle  f  »  f  (T,[rrJ,t).  The 
form  of  fuaetioa  f  should  be  determiaed  from  the  boundary  aad  initial  conditions. 

This  latter  operation  appears  to  be  difficult*  and  here  is  suggested  another  approach 
to  the  solution  of  the  problem  .connected  with  the  derivation  of  aa  integral  equation 
for  the  density  of  the  flow  of  particles  reflected  frcai  the  surface  aromad  i*lch  the 


flow  la  directed* 


which  ia  the  given  ease  replaces  the  kinetic  equation. 


Applying  this  method  ia  report  [l]*e  Lavesti^ted  the  flow  areuad  bodies  with 
absolute  diffusioaal  reflectriag  surface*  As  is  shown  by  experiment, polished  surfaces 
caB  •  ««rtain  accuracy  be  treated  as  absolute  diffusion  reflecting*  and  for 
smooth  bodies  it  would  aot  be  necessary  to  introduce  into  the  investigation  mere 


complex  reflection  laws. It  might, however,  appear  to  be  convenient  to  produce  surfs-- 
ces  with  a  certain  proper  finely-grained  structure*  because  ia  this  way  it  is  possib¬ 
le  to  Aht-ifT  of  their  streamline  considerably.  This  structure  can  be  considered  on 
the  average*  by  introducing  a  suitable  reflection  law,which  can  bo  determined  from 
experimental  or  theoretical  considerations,  as  it  will  be  shown  later  on.  Hext  are 
derived  equations  for  stationary  flow  around  at  any  arbitrary  reflection  law, namely 
with  this  Utter  ease  in  mind.  It  is  only  natural.that  during  diffusion  as  well  as 
at  any  other  kind  of  reflection  law  the  density  of  the  impacts  can  be  determiaed 


2 


Independently  fron  the  temperature  distribution*  Suoh  a  possibility  disappears 
during  monstatioaary  flow  around, when  thi  density  of  the  lapse ts  (collisions)  and 
teaperature  distribution  should  be  detendnad  parallel*  The  nonstatioaary  flaw 
tions  proposed  in  this  report  are  obtained  in  n  fait#  siaple  Banner, by  general! 


tioas  proposed  in  this  report  are  obtained  in  n  quite  siaple  Banner, by  gsaerali 
stationary  flow  equations. 

1*  Stationary  flow.  Flow  around  surfaces,  which  alike  diffwsioaal*seatteriag  ref 
let  so  that  the  distribution  of  partielen  of  the  reflected  stress  by  angles  depend 
only  upon  the  point  on  the  body,  can  be  described,  afteJ|finding  only  the  nuaiber  of 
particles  eolliding  against  unit  of  surfi.ee  per  unit  of  tias*  In  the  preseass  of 
a  relationship  between  incident  flow  and  reflected  one  the  latter  should  be  dessri 
bed  in  greater  detail, including  the  angular  Telocity  distribution  of  tbs  particles 
For  this  we  will  introduce  into  the  inTeiitlgation  functions  n^CP*^  )•  Sj  (P,oj  ) 
so  that  the  products  Bjd#  pd(t>  and  n^dCpJlcn  will  designate  the  nanber  of  particles 
falling  (reflected)  on  the  elcaent  of  surface  near  point  P,  the  Telocity  of  whisk 


of  particles 


falling  (reflected)  on  the  elcaent  of  surface  near  point  P,  the  Telocity  of  whisk 
has  the  trend  included  in  the  solid  anglo  du>  with  axis 

To  determine  function  n^  it  is  possible  to  obtain  an  integral  equation, whisk 
appears  to  be  the  result  of  the  condition  of  preserTlng  the  auaber  of  particles 
during  the  reflection*  The  fora  of  this  liquation  depends  upon  the  law  of  reflestiei 
of  the  surface  of  the  body  around  which  the  flow  has  been  directed*  Assuaiag  that 
XPtoi*^)  doaf  -  probability  that  the  ; article  falling  on  the  surface  near  point 
with  a  Telocity  haTing  the  treand^,  acquires  upon  reflection  a  Telocity  with 
tread  in  solid  angle  doly*  Next  it  is  Important  that  1  does  not  depend  (sr  depends 
only  slightly)  upon  the  absolute  Telocity  Talus  of  the  incident  particle  and  upon 
the  temperature  of  the  surface.  The  Bias  Lons  of  function  ■  are  sufficient  to  do* 
scribe  the  stationary  flow,becauso  it  sai  be  expected,  that  at  the  discussed  here 


of  reflect!! 


itloa  will  he 


naiatqlned.Tke  preservation  of  the  number  of  particles  during  reflection  la  enpren^ 
aad  by  tka  fact  tkat  . . . 


tot,  tor)  dtOr  =  1 


(1.1) 


Tka  relationship  between  a,  aad  n^  la  nr 
taa  In  font  of 

nr(P,  »r)  =  ^i?(P,  w»  tor)ni(P,  w)dw  (1.2) 

la  ordar  to  transform  this  relation  lata 
aa  aquation  to  Aeterniae  *r  we  Ilka  to  point 
out,  tkaat  tka  particles  boy lag  la  direc  - 


It  la  apparaat  tkat 


tloa  ui  arriTa  either  from  the  oncoming  si  ream,  or  from  tkat  saation  af  tka  surfaoa 
near  point  F  whore  the  direction  <£  latex  Beats  tka  body  far  tka  first  tine  (fig.l) 


r pp  CDVr» 

rn  =  (P,  «)  =  m’  (P,  to)  +  — — nr  (F«,  ®) 


(1.3) 


<*  rpp„ 


where  ^  -  density  of  collisions  of  part 
•  distance  between  points  F  and  Q,  and  V 


res  the  font  of 


elas  of  the  unpetturbed  incident  flow*  r^ 
,  -  slhgle  Teeter  of  tka  ncrsnl  la  point  F, 


The  sealer  products  are  always  In  absolute  Talus. 

If  this  expression  for  n^  is  substitiid  in  for an la  (1*2)  than  tka  latter  aequi- 


nr(P,  Ur)  =  Ji?  (P,  <0,  lb)  |V  (P,  »)  +  •)  j  di »  (1.4) 


This  is  the  sought  for  aquation  for 


%  -  basic  equation  of  the  problem.  It  earn 


be  formed  differently, changing  integration  by  eagles  with  Integral  by  surfaee«Vcr 
this  we  make  a  change  — 


■  Q,  d»->-Zf-X-d} Q,  w  —*■  WpQ 

rPQ 


aad  we  will  obtain  instead  (1*4) 

nr(P>  *)  *  nr’(P,  a)  +  \  R{P,  wpo,  «)  -ZL£-  n,(Q,  (1.5) 

8i.  r  i»n 


Bare 


L.  ' 


nr*  (P,  to)  =  J  /?  (P,  to{,  «)  nC  (P,  on)  ^  . 

Sp 


(l.G) 
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•ad  the  integration  is  dose  seer  that  part  of  the  sarfaee  Sp  which  is  visible  from 
point  P. 

Ve  will  show  that  this  equation  has  a  single  solutions  will  take  for  thin  pnx 
pose  a  uniform  equation  corresponding  to  sanation  (1,5) 

I  nr(P,  “>)  =  \  R  CP.Vpq.  w)  toPQ)dSQ,  (1.7) 

j  _  .  ..  Sj>  rPQ 

and  will  convince  ourselves,  that  it  has  no  other  solutions  ezeept  the  trivial  n^ 
■  0,  Having  integrated  this  equation  acc grading  to  c O  and  taking  into  considera¬ 


tion  (1.1)  we  will  obtain 


(ding  to  cO  and  taking  into  coasidere- 


\  nr  (P,  w)  d<i>=  ^  nr  Wi,Q)  fa 

^  C  ?  DA 


Sp  'PQ 

Ve  will  again  integrate  over  the  jentire  surface  of  streamlined  bodies 

[dap^rir'  (P,  u>)d<>)  =[dop{  — £5— n,(@,  Wpq^Cq  (1.9)  1 

. . ‘  sP  r*T  _  .  . _  . 

In  this  equality  the  left  part  characterizes  the  general  number  of  yartielea, 

reflected  by  the  body  per  unit  of  time, and  the  right  part  the  number  of  particles 


which  is  reflected  from  the 


body  and  falling  on  it  again.  In 


the  case  of  flowing  around  as  is  discussid  here  (but  not  for  movements  in  closed 
some)  the  first  number  should  alvqys  be  treater  than  the  second  one .in  view  of  the 
fact  that  a  part  of  the  reflected  particles  departs  into  infinity,  formula  (1.7) 
consequently,  cannot  be  fulfilled. 

2.  unsteady  Plow.  Ve  will  for mulct!  an  equation  of  noaatationary  flow  in  the 
case.when  only  the  parameters  of  the  outir  flow  are  ehenged.aad  the  geometric  para 
meters  remain  unchanged.  Generally  speaking,  to  write  an  equation  for  an  uaatatiani 
flow  is  needed  a  more  detailed  dascripticn  of  the  properties  of  the  reflecting  sur 
face, which  was  necessary  in  the  sansinf  itatioaary  ease.  But  the  basic  difficulty. 


faee,which  was  necessary  in  the  sansinf  itatioaary  ease.  But  the  basic  difficulty, 
which  emerges  here,  lies  in  the  fact,  thit  the  density  of  the  collisions  can  no* 
longer  be  determined  independently  from  lemperature  distribution)  values  a,  at  th 
moment  t  appear  to  be  dependent  upon  the  temperature  values  in  all  foregoing  monea 


J 


■vr 


Xkia  leads  to  the  poiat  where  the  equation  of  the  problem  la  eeeeaee  becomes  mm 
linear  .The  equations  to  determine  the  tenpernture  will  be  writtea  oat  herei  it  will 
be  considered  ee  e  fixed  faaetioa  of  position  eat  tiae. 

The  reflection  process  is  eoaeidered  aa  occurring  instantaneously |  we  deal  in 
disregarding  not  of  tiae  the  ineident  particles  reaaia  ia  the  interior  of  the  body 
around  which  the  flow  is  directed,  which, of  course,  is  very  aaall,  but  the  tiae  of 
their  delay  la  theae  aacroscopie  details  of  the  sorfaee  .about  which  asatien  waa 
aade  ia  the  introductioa. 

We  like  to  poiat  out.first  of  all.thit  the  aeeessity  of  introducing  changes  ial 
stationary  flow  equations  originates  only  at  suffieieatly  rapidly  c haaging  state  ol 
the  syatcau  Namely  the  paraaeters  of  the  incident  flow  or  the  aeonetric  paraaetera 


of  the  bodies  should  change  noticeably  al  the  tiae  of  relaxation, which  la  of  the 
order  here  of  the  average  tiae  the  par tic  lea  reaaia  within  the  liaita  of  the  system 
•round  which  the  flow  is  directed  (*v.  l/v,  where  1  -  mean  distance  cowered  by  the  part¬ 
icle  between  two  subsequent  reflections,  ▼  -certain  mean  velocity  of  reflected  par;- 
idea).  Otherwise  the  movement  is  quasisl  at  ionary  and  ttax  it  is  possible  to  apply 


equation  (1*5) .replacing,  ef  course,  all|the  paraaeters  by  walaes  at  than  moment  t 

i  nr(P,  ta,  t)  =  nr’ (P,  w,  t)  +  (  R  ( P ,  mpQ,  o>)  —t  nr  {Q,  o>pq,  t)  daQ  (2.1) 

Spit)  rw{t> 

This  equation  should  be  solved  ia  the  4**u"Ptloa  that  t  -  par east ar .  Here  we  can 


have  a  change  not  only  in  fora  of  funetina  ar,but  the  vqry  surface  around  which 
flow  is  directed  any  bee  one  quite  defarand. 


Let  us  diseussthe  particular  fora  of  surfaces, which  are  of  special  practical 
importance  and  the  flow  around  which  can  be  described  with  the  aid  of  equations 
(1,3),  (1*5) .  This  includes  these  surfacos  which  allow  to  give  a  description  ef  thi 
streaa  reflected  from  then  with  the  aid  of  the  teaperature  aspect.  It  means  that 
the  distribution  ef  velocity  values  of  p<  >r tides  reflseted  from  any  given  aaall 


WP-1T-61-57/1+2 


6 


section  of  the  surface  is  given  for  all  <  ingles  by  tka  expression  of  tka  fora  of 
eonat  v2  azp  (-nv^kTg).  The  teaperaturo  T(  included  herein  generally  dees  mot 
coincide  with  the  teaperature  of  the  surface, and  is  connected  with  seas  hr  *he  re-j 
latior  of  accomodation. 

Assuming  dft  and  de'  q  -  two  such  surface  elements  .where  one  is  visible  from 
the  other)  let  us  see  hew  their  mutual  influence  spreads.  The  partieles  which  ar¬ 
rive  from  the  elsaent  4#p  fall  on  dflq  wi  sh  delay  It  is  apparent,  if  T^(<U*) 

-  teaperature  of  particles  leaving  the  e  .enent  then  frea  their  namher  the  following 
it  will  fall  ca  eleaent  dfj^  during  tike  tine  interval  dts 
Uu.  -tikft.  7a  fa  aJtCtr*xJ  (&•  /s  J 

Hence  we  obtain  a  generalization  of  liquation  (1*5)  for  the  nenstatlonery  ease* 

In  spite  of  all  this,  this  equation  ias  feraulated  on  the  basis  of  a  certain 
seheaatizatioa,  it  is  still  quite  cumbersome,  A  substantial  siaplifieatien  of  saao 


can  be  attain  in  the  following  aanner,  By 


multiple  the  tins  integral  in  (2,2)  is  practically  taken  only  in  the  interval 


virtue  of  the  presense  of  an  exponential 


0-brpo('Wrj)  5^T^1-5rpQ(  ) 


The  teaperature  Tg, which  is  connected 
generally  speaking,  slowly,  so  that  we  can 


with  the  temperature  of  the 
write 


rfaee, changes 


Tg(Q,t-x)~Tg(Q,  t)  ) 


Making  substitution 


X  rpQ  [2 kTg  (/)  ]  U  ~  Xp*  (0  « 


we  obtain  instead  of  (2.2) 


nr(P,  to,  t)  =  nr’  (P,  w,  t)  + 


(2.3) 


;  +  (j~)  '  (P .  «p<5 .  «)  ^  a-1  exp  (—  u"a)  nr[Q,  »  PQ,  t—  xPq  (t)  a)  diQdu 

Sp 


rPQ 
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Tha  physical  idea  of  tha  approxinat  .on  nods  kora  la  dear  ithe  tenperature  of 
body  surfaaa  should  aot  change  sharply  during  the  alapoo  of  tine  between  cubaeqnaat 


raflactionai  below  equation  (2.2)  is  eons 
Application  of  the  temperature  come 


Ldorad  in  eeanewhat  greater  detail, 
ipt  to  the  reflected  streaateTen  though  it| 
appeared  ngt  up  until  new  satisfactory  far  the  recording  of  the  energy  balance  and 
quantity  of  notion  at  the  surfaces  nay  appear  to  be  highly  approximate  for  the  reeef  • 
ding  of  nonstationary  flow  equations, because  these  equations  are  more  sensitive  te 
details  of  the  distribution  function.  The  published  experiments  cannot  he  used  as 
basis  for  the  evaluations  equation  (2*2)  ins  to  be  presented  in  a  acre  general  farn|s 
Ve  will  very  briefly  describctfor  ref  crease  purposes,  how  this  should  be  handled. 

If  the  distribution  of  reflected  particle  i  by  energy  vslne  depends  upon  the  angles 
the  properties  of  the  reflecting  surface  ihould  be  given  through  funetiaa 


R[P,  T(P),  a>i,  vr,  o>r,.*v]  (i 


so  that 


R  [i3,  T  (P),  Wi,  vu  0)r,  Vr\  vr 2  dvr  do>r  (l  3&) 

is  the  probability  of  the  faot  that  tha  pjurtiela  falling  with  a  veloaity  tj  will 
appaar  aftar  raflaetion  in  the  dvv  elenen 
densty  of  collisiona  sgeula  also  be 


city  spaeet  nr(P,  olr*  vr)vrzdvrd(pr -number  of  refleeted  partleles  with  a  velocity 


|t  of  the  veloelty  epaee.  Consequently  the 
Ibroken  down  into  ■  penpouents  in  vello  ■ 


in  the  leaent  dvP.In  result  the  generalized  aquation  (1*5)  acquires  tha  farm 

nr(P,  a>,v)  =  n/(P,<o,v)  + 

CO 

+  S  Vl*dVi  \  ~rd-  Rip<  T(p)>  “PQ,  Vi,  &),  V] nr](Q,  biPQ,  Vi )daQ  (2.4) 

,  o  SP  _ 

The  nonatat  ionary  flew  equations  corresponding  to  (2’.4)  i*  obtained  isaaed  lately 
by  changing  fraa  intonating  by  velocities  into  intonating  by  tlne.Aeeuning  that‘s 

...  CO  ;*  1 

•  rp^v^swe  obtain 


nr(P,  u,  v,  t)  =  nr‘(P,  w,  v,  t)  +  [  x 

si  r>o  on  T  • 

xR^P,T(P,t),  o>pq &>,z>]nr  (<?,  o)pQ,  (2.5) 
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Bquatiea  (2.2),  (2,3),  (2,5)  wr*  foanLated  by  us  im  the  uiaptlw  that  the 
giowt ry  of  the  streamlined  qrita  to  ooutut.  It  slew  changes  »y,|>wTir,  ho 


taken  imto  consideration,  just  it  woo  4 erne  in  (2,1), 


Practically  up  to  this  moment  it  was  hollered  that  in  tha  flow  ozioto  only  ono 
kind  of  partioloo.  If  thora  ara  several  dado  or  during  raflaation  tha  particles 


disaaaiata  or  baa om  ionisad,than  a  separate  suitable  agnation  should  bo  writton 

not 

for  aaah  typo.  All  those  a (nations  areyindepeadeat,  and  form  a  system,  Acaitod  aaa 
states  of  oaa  and  tha  vary  sans  particle  shoald  not  ha  eoasidorod  separately  sins 


they  have  a  wary  short  life  spaa  and  inf  Luenee  only  tha  energy  balaase, 

3-  flow  of  laergy  and  Aerodynamic  Tot  roes.  If  tha  refleetioa  energy  ar  has  ha 


faand  than  tha  recording  of  term  for  energy  flows  and  for  the  amount  of  msi 
seats  no  difficulty  whatsoever ,At  first  re  find  tha  collision  density  ^ 

m(P,  <o,  v,  t)  =  rii(P,  o),  v,  i)  +  ^  [q,  npQ,  v,  t—  l^.'jdaQ  (3.1)  , 


t  of  motion  pro 


Tha  flow  of  tha  nanber  of  mow smsat, falling  on  tha  body,  i.a.tha 


par  unit  of  its  surface  is  determined  by  expression 


fores  act 


/ (P,  t)  =  m  dv  f  [nit(P,  to,  v,  t)  —  nr  (P  w>  v<  t)}udt»  (3.2) 

The  stream  of  energy  yielded  to  the  body  is  obtained  in  form 

e  =  —  ^  da  ^  (m  —  nr)  vx  dv  (3.3) 


Burts  of  therf%  expressions, corresponding  to  nr*,for  combining  diffusieaal  aad 
mirror  refleetioa,  can  be  found  la  the  bonk  by  BattersohfsjJ  jfcr  the  flow,ezeeutiag 
oscillations,  they  wore  established  by  H.”,Basheheako  in  report . 

If  upon  refleetioa  the  partioles  trau  form  into  ezoited  state, then  the  energy 
consumed  for  this  should,  apparently,  bo  <  educted  from  the  right  part  (3*3)* 

4.  Appendix,  We  will  shown  briefly  hotr  to  find  the  probability  of  reflestioas 
■  (ti^,(£r)  for  a  surface, which  is  not  sa>oth.  Separating  from  the  surface  any  giv 


4f. 


eleannt  of  its  structure  we  should  solve  ‘or  this  elenent  equation  (1.3)  fran  report 
jVj  t  hart  mg  tmkmm  H*(P)  for  tile  single  floir  vithtrend^.  We  will  obtain,  la  *kie 
a  tern,deternining  v|  (P)  ms  m  function  of  Ttoa 

*>r)  =  ^  Nl(P)]vpordap  (4.1)  I 

e  part  of  the  structural  elaaiaat  which 


El 


whore  the  Integra  1  is  taken  by  the  Tory 
is  seen  frcn  direction  ofe. 

For  exanple,  for  a  surface  with  spherical  depressions  one  can  nse  solntiaa 
equation  (3,5)  for  a  sphere.  For  a  surfaei  with  cylindrical  grooves  (fig.2)  eae  eaaj 
has  solution  for  a  cylinder .which  acquire;  i  a  sinple  inane  fora 

/0+, 


We  shall  sake  a  were  thorough  investigation 


'  ■  2- 

of  a  stationary  flow  in  the  important  special  ease  when  the  law  af  reflection  eorrejt- 
pond  to  a  conbination  of  diffusienal  and  nirrer  reflections.  Xqaatien  (1.5)  look  ael 


nr  (■?.  <»)  =  T 


©'Vn 


ni  (p*  ®'>  +  »r  (JV  ©') 


6)Vp  r  r  ©pqvp 

+  (1  —  T)  IT  -'V*  ^  +  )  2  —  ”r  (Q.  ®«J )  *< 

L  sp  rPQ 


(4.3) 


where  ganna  is  the  coeffieieht  of  proportionality  of  nirrer  reflentien  (specular  re 
fleetion). 0)*  ■  2  (lOvp  -a)-  Teeter,  synitrieal co  i»  ratio  to  wf»  a  deolgnatloi 
4  mtrodueed  f  \  ' 

N{P)  =  \jn{P,0>)d<i> 

In  eoaorete  problens.te  which  eqnatioii  (4*3)  «•*  he  applled.the  proportion  of 
the  specular  refleetioa  os  always  anell.Kiturally  according  to  this  it  is  necessary 


to  break  down  the  values  figuring  in  (4*|)  according  to  degrees  ganna.  Ve  write 

"r  (P.  ")  =  IN  (P)  +r  n/  (P,  (0)]  Q)\’p/n  n'(P,  u> )  =  «"(/>,  u)  «Vp/;t  ! 

In  mere  appr  agination  we  obtain  instead  of  (4*3)  **d  aquation 


N  (P)  =  N'  (P)  +  -1  J  --QV_P?-':Q-VQ  *  «?)  (4-4) 


Sp 


rPQ 


10 


F»-TT-6l-57/l^2 


J 


Pty-TT-V 


9 

N  (<p)  =  iV*  (<p)  +  ^  (<p  —  q>o)  N*  (<po)  d<Po  +  Aq-t  B 


(4.2) 


fi  P 

A—  — g-^iV  (<p0)  cos^cfc  B  =7i\N  Sin'’f  d  <Po 


/  0  au 


which,  naturally,  coincides  with  equation  (1*3)  fro*  r  spar  t[jQ,  sines  it  describes 


the  flow 


around  «m  absolute  diffusions!  reflective  surface.  Tor  hatched  vali¬ 


nes-  wo  attain  la  first  apprexlaotiom  an  equation 

V  (p-  •>  =  ni'(p>  «')  +  N  (Pa.)  ~N{P)  +  ±  [  ^PQ^PQ^Q  #t/  (Qf  %jq)  d?Q  (4  5) 

!  «  **  da 


This  equation  la  immediately  reduaad  lato  for  of  (4«4)*To  roalisa  such  a  trans¬ 
formation^  will  mention, that  function 

A"  ( P )  =  n;  (P.  01)  -  n;*'(P,  «*):+  H(P)-N  (PJ)  (4.6) 


bo  loa«ar  dapaado  upoa  tha  angles.  Tor  it  la  obtaiaod  aa  equation  corresponding  ex¬ 


actly  with  (4.4)*oaly  with 


;  '  J  J2SL 


OlpQVpOpQVQ 


+  A'(Q)—N  (Q,  (0pQ)]  rfcQ 


iaataad  of  N*)P).  In  thla  way  ,the  presence  of  a  snail  fraction  of  specular  reflee  - 
tion  doaa  not  bring  in  any  auhataatial  di rfieultiaa  into  tha  aolation  of  problem 
concerning  flow  aroaad  diffusion  raflaatlra  surfaces, 

Va  will  inraatigata  a  imply  tha  flow  around  bodlaa, which  boaidoa  stationary 
notion  azaeuta  a  snail  noas  tat  ionary  novntent.  Va  investigate  this  eaaa  with  tha 
aid  of  aquation  (2. 3). At  first  wa  will  an! go  an  approximate  ealaulation  of  tha  tins 


Integral  figuring  thara 


3.  ‘  —  XPQ  (0  “)  e^P  (—  “”2)  ~>r  [<?.  aPQ’  t—2  l,‘xPQ  (01 


Sine  a  tha  nonstationary 


nant  can  ha  aonsldarad  in  approximation 


it  is  e  anaidarad  snail, than 

tion.  instead  of  (2*3)  is  c 
•  » 
a  /JL  7j 


than  tha  shift  af  tha  ar nai¬ 


ls  ohtainad  aquation 


kijtf 

where  Tg(ft)  -  eoatflfof  a  naan  taaparatura  Tor  point  <!•  Tha  physical  Idas  of  tho  api 
zination  adopted  hara  is  as  fellows  t  tha  ralocity  of  tha  part  is  las  leaving  dQ^  is 


assumed  to  ha  constant,  identical  for  all  particles  and  equal  to  tha 


velocity 


at  a  tanpsrature  Tg(Q).  Vith  tha  aid  of  Liplace  transform  agnation  (4*7)  is  r« 
to  a  corresponding  aquation  for  tha  stationary  oasa. 


TTD-TT-6l-57/l-*2 
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(4.7) 


f* 


ar  (P,  m,  t)  =  n /  (P,  «,!)+(  m?fp  R  (P,  <*pQl  O)  x 
sP  rrQ 


X  "r 


Q,  <l> 


'PQ 


't~rP( 3  [ 


4^(Q) 


ted  is  farm  if 


We  will  diecuee  •  ease  of  small  escillatioaa.Ve  will  do  that  with  the  aid  of 
general  equation  (2.2).  Assuming  tke  valuta. figuring  in  this  equatioa«are  repre 


n  (P,  a,  t)  =  n  ( P ,  a)  +  «'  ( P ,  a)  e~ipt 
Te(P,  l)  =  Tg  (P)  +  Tg‘  (P)  e~ipt 


The  values  with  primes  appears  to  be 


tkat  thedsr  phase,  generally  speaking,  erf  variegated.  Making  a  linearisation  of 


complex  here  in  conformity  with  the  faet 


equation  (2.2)  and  making,  as  previously. 

[m 
2kT£  (Q) 


a  substitution 


“  m 


it  is  possible  to  reduce  same  into  form 

/*m*f*.  4  S’) 


following 


“  ’Mch  t4“  ne"M  fora  r  “*  “  *u~*  *°  -*  “• 

important  conclusions. In  view  of  the  presence  of  an  exponential  multiple  the  inte¬ 


gral  according  to  u  is  taken  actually  only  within  limits 

2.r^;»42J,: 


1  \Wa,) 


At  given  frequency. consequently,  the 


mutual  influence  is  noticeable  only  fcr 


not  too  distant  from  each  other  parts  of  the  surface 

because  otherwise  the  function  under  the  |pi&i  of  tke  integral  oscillates  sharply. 
At  higher  frequencies. such,  that 


"(U-Sc)  ’ 


for  all  existing  UypQ  repeated  reflections  generally  produce  nO  effect.  Tke  oscilla¬ 


tion  with  lev  frequency  can  be  treated  as 


a  quasi  stationary  movement,  nuts 


C*?4l 
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J2.au 


If  it  will  bacons  possible  to  solve 
imposing  its  solution*  it  is  possible  to 


describe  say  given  snail 


M 
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